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ABSTRACT 

COMPOSITIONAL ANALYSIS OF LUNAR AND PLANETARY SURFACES 
USING NEUTRON CAPTURE GAMMA RAYS 

The o b j e c t i v e  o f  t h i s  r e sea rch  program is t o  e s t a b l i s h  

t h e  p r a c t i c a l i t y  of  using neutron cap tu re  gamma rays  as a 

p a r t  o f  NASA's combined neutron experiment f o r  l u n a r  and 

p l ane ta ry  s u r f a c e  a n a l y s i s .  This r e q u i r e s  (1) t h e  d e t e r -  

minat ion of t h e  s e n s i t i v i t y  of t h e  technique under reasonable  

f i e l d  condi t ions  w i t h  t h e  experimental  conf igu ra t ion  optimized 

f o r  t h e  cap tu re  gamma-ray technique and (2) t h e  de te rmina t ion  

of the e f f e c t s  which i n t e g r a t i o n  w i t h  o t h e r  neutron techniques 

w i l l  have on i t s  s e n s i t i v i t y .  

This  r e p o r t  summarizes work done during t h i s  per iod  
i 

November 1, 1966 t o  February 15, 1967. 

Capture gama- ray  s p e c t r a  were s t u d i e d  from a l a r g e  sample 

us ing  a pulsed 14 MeV neutron source  under a v a r i e t y  o f  

experimental  condi t ions .  It has been determined t h a t  h o r i z o n t a l  

d e t e c t i o n  geometry y i e l d s  b e t t e r  s e n s i t i v i t y  than does v e r t i c a l  

geometry and t h a t  a moderating material above . the  neutron source  

(about 4 t o  8 c m  t h i c k )  g r e a t l y  inc reases  t h e  s e n s i t i v i t y  o f  

t h e  cap tu re  gamma-ray technique. Details of  t h i s  work were 

p resen ted  a t  a NASA coordinated meeting he ld  a t  Sandia Corporation 

February 7-8, 1967. 
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I. INTRODUCTION 

During t h i s  r e p o r t i n g  period cons ide rab le  progress  w a s  

made i n  e s t a b l i s h i n g  the technique us ing  thermal neutron cap tu re  

g a m a  rays  induced by 14 MeV neutrons as a p r a c t i c a l  a n a l y t i c a l  

method f o r  cons ide ra t ion  i n  NASA's combined neutron experiment f o r  

l una r  and p l ane ta ry  s u r f a c e  a n a l y s i s .  

were s t u d i e d  from a l a r g e  (approximating s e m i - i n f i n i t e )  sample 

us ing  a pulsed 14 MeV neutron source  under a v a r i e t y  of  

experimental  condi t ions  t o  determine t h e  e f fec t  of  d e t e c t i o n  

Capture gamma-ray s p e c t r a  

geometry and neutron moderator th ickness .  The e f f e c t  of two 

thermal neutron s h i e l d s  and several conf igu ra t ions  of fas t  
I 

I neut ron  shadow s h i e l d s  has also been experimental ly  s tud ied .  

A meeting of NASA and the  c o n t r a c t o r s  that  are p a r t i c i p a t i n g  

i n  t h e  combined neutron experiment w a s  he ld  a t  Sandia Corporation 

February 7 and 8 t o  determine t h e  s t a t u s  of each of t h e  exper i -  

I .  

I 

-a mental  s t u d i e s .  D e t a i l s  of t h e  experimentat ion conducted during 

t h i s  r e p o r t i n g  per iod  were presented &;,the meeting and w i l l ,  

t h e r e f o r e ,  only be summarized i n  t h i s  r e p o r t .  
\, 

** 
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11. NEUTRON SHIELDING FOR 'THE DETECTOR 

Since  f o r  t h e  cap tu re  gamma-ray experiment t h e  gamma-ray 

spectrum i s  obtained between neutron pu l ses ,  t he  primary r e s u l t  

of  neutron i n t e r a c t i o n  wi th  the  NaI (T1)  d e t e c t o r  t h a t  is  o f  

concern i s  t h e  neutron a c t i v a t i o n  o f  t h e  c r y s t a l  through t h e  

1127(n,y)1128 r e a c t i o n .  A s e r i e s  of  experiments w a s  performed 

t o  determine t h e  degree to  which t h e  a c t i v a t i o n  could be reduced 

by (1) t h e  u s e  of thermal neutron s h i e l d i n g  i n  t h e  v i c i n i t y  o f  

t h e  d e t e c t o r  and (2)  t h e  a d d i t i o n  o f  a fast  neutron shadow s h i e l d  

between the d e t e c t o r  and the neutron source.  The r e s u l t s  are 

summarized i n  Table 1. 

i n  an unshielded c r y s t a l  is  def ined as 100 a r b i t r a r y  u n i t s .  The 

a d d i t i o n  of a thermal neutron s h i e l d  around t h e  d e t e c t o r  reduced 

t h e  a c t i v a t i o n  by about 25% - t h e  bora1 (0.254 p / c m  B) and L i  F 

For comparison t h e  a c t i v a t i o n  produced 

2 6 

2 6  
i 

(0.047 gm/cm L i  ) g iv ing  nea r ly  i d e n t i c a l  r e s u l t s .  The a d d i t i o n  

of a shadow s h i e l d ,  e.g. 6" copper o r  12"  carbon,reduced t h e  

a c t i v a t i o n  by an a d d i t i o n a l  20%. 

The copper and carbon shadow s h i e l d s  were designed t o  s h i e l d  

t h e  d e t e c t o r  from neutrons emitted from t h e  t r i t i u m  t a r g e t  only.  

However, when a moderator i s  placed above t h e  t a r g e t ,  a new 

source  o f  neutrons i s  crea ted .  Comparison of t h e  l a s t  two e n t r i e s  

i n  Table 1 i n d i c a t e s  t h a t  i f  a moderator i s  used, t h e  shadow 

s h i e l d  should be shaped t o  provide s h i e l d i n g  between t h e  moderator 

and t h e  d e t e c t o r .  

While a shadow s h i e l d  i s  h e l p f u l  t o  some ex ten t ,  t h e  m a t e r i a l  

used f o r  t h i s  s h i e l d  i s  not  c r i t i c a l  t o  t h e  cap tu re  gamma-ray exper i -  

ment. For t h e  thermal neutron s h i e l d  l i thium-6 is  p r e f e r r e d  over 

boron because of t h e  477 keV gamma r a y  a s soc ia t ed  w i t h  neutron 

c a p t u r e  i n  boron-10. 

2 
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111. CAPTURE-GAMMA-RAY MEASUREMENTS 

The capture  gamma-ray spectrum from t h e  iron-sand model 

has been observed under a v a r i e t y  of experimental  condi t ions .  

A study of  t h e s e  s p e c t r a  r e s u l t s  i n  a pre l iminary  understanding 

o f  t h e  e f f e c t s  which de tec tor -source  geometry and t h e  presence 

of moderating m a t e r i a l  have on t h e  observed spectrum. 

Table 2 summarizes t h e  e f f e c t s  which var ious  th icknesses  

of p a r a f f i n  above t h e  neutron source  have on t h e  observed 

gamma-ray spectrum. 

used i n  Table 2,  i s  def ined as t h e  r a t i o  of t h e  counts  recorded 

The term "Relat ive S p e c t r a l  Quality",  

. i n  the energy range 7.0 t o  7.7 MeV (Fe(n,y))  t o  t h e  counts 

recorded i n  t h e  energy range 5 . 3  t o  5.7 MeV (O(n,p) + Fe(n,y)).  

I f  the r a t i o  i s  as s m a l l  as 0.3, as wi th  no moderating m a t e r i a l ,  

the  gamma rays  from t h e  O(n,p) r e a c t i o n  dominate t h e  spectrum 

whi l e  i f  t h e  r a t i o  i s  as large as 0.6, as wi th  8 c m  of p a r a f f i n ,  

t h e  i r o n  cap tu re  gamma rays  dominate. The presence of t h e  mod- 

e r a t i n g  material w a s  a l s o  found t o  i n c r e a s e  t h e  a b s o l u t e  i n t e n s i t y  

of the cap tu re  gamma rays.  

above t h e  neutron source  i s  very d e s i r a b l e  i n  connection wi th  t h e  

i 

Hence, t h e  u s e  o f  a moderating material 

c a p t u r e  gamma-ray experiment. 

The i n t r o d u c t i o n  o f  a moderating material  between t h e  

neu t ron  source  and t h e  sample has a l s o  been s tud ied .  P a r a f f i n  

i n  t h i s  p o s i t i o n  d i d  n o t  s i g n i f i c a n t l y  i n c r e a s e  e i t h e r  t h e  

"Re la t ive  S p e c t r a l  Qual i ty"  r a t i o  o r  t h e  a b s o l u t e  cap tu re  gamma- 

ray i n t e n s i t y .  This  conf igura t ion  has  been d is regarded  i n  

subsequent  s t u d i e s  . 

4 



Table 2 

THE EFFECT OF MODERATOR THICKNESS 
(ABOVE THE NEUTRON SOURCE) 

ON SPECTRAL RESPONSE 

c m  o f  Pa ra f f in  Re la t ive  Spec t r a l  Re la t ive  I n t e n s i t y  
Qual i ty  Fe(n,y) 

0 0.31 32 
0.40 
0.46 
0.58 
0.61 

49 
7 1  
8 7  

120 

(No moderator between t a r g e t  and sample.) 

Table 3 

THE EFFECT OF DETECTOR POSITION 
ON SPECTRAL RESPONSE (IRON-SAND-2 SAMPLE) 

- 

Source t o  Crys t a l  Geometry S p e c t r a l  Qua l i ty  Re la t ive  I n t e n s i t y  
Di s t ance  Index Fe(n,y) 

37 c m  Hor izonta l  0.31 106 

37 cm Vertical 0.14 66 
5 2  c m  V e r t i c a l  0.08 36 

5 2  c m  Horizont91 0.21 73 

5 
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Table 3 s u m a r i z e s  t h e  e f f e c t  d e t e c t o r  p o s i t i o n  has  on 

t h e  observed gamma-ray spectrum. A second iron-sand model 

conta in ing  cons iderably  less i r o n  w a s  used i n  t h e s e  measure- 

ments. The term "Spect ra l  Qual i ty  Index" used i n  Table 3 i s  

def ined  as t h e  r a t i o  of t h e  i r o n  cap tu re  gamma-ray counts  

recorded i n  t h e  energy range 7 .0  t o  7.6 MeV t o  t h e  counts  

recorded i n  t h e  energy range 5.3 t o  5.7 MeV due t o  t h e  gamma 

rays  from t h e  O(n,p) reac t ion .  The r e s u l t s  i n d i c a t e  t h a t  

h o r i z o n t a l  de tec tor -source  geometry i s  t o  be p r e f e r r e d  over 

v e r t i c a l  and t h a t  t h e  s h o r t e r  d i s t a n c e  between t h e  source  and 

t h e  c r y s t a l  y i e l d s  the b e t t e r  r e s u l t s .  

Spectrum A i n  F igure  1 i n d i c a t e s  t h e  q u a l i t y  of spectrum 

t h a t  can be obtained,  a t  p re sen t ,  w i th  a 3" x 3" NaI(T1) d e t e c t o r .  

The legend i n  Figure 1 descr ibes  the condi t ions  under 

which gama- ray  spectrum w a s  obtained.  For reasons of neutron 

economy the neutron source  was placed as c l o s e  as p o s s i b l e  t o  

the s u r f a c e  o f  the sample (5 cm) .  

approximately 3 x 10 neutrons and a t o t a l  neutron y i e l d  of 

1.1 x lo1' w a s  r equ i r ed  f o r  t h e  a c q u i s i t i o n  o f  spectrum A .  

Note t h e  presence o f  capture  gamma rays  from t h e  i r o n  and s i l i c o n  

a t  7 . 6 4 ,  7 .10,  6 .60 ,  5 .00,  4 .42 ,  3 .92,  3 .50 ,  and 2.73 MeV. The 

c a p t u r e  g a m a  r a y  

c a p t u r e  i n  t h e  hydrogenous moderator. 

Spectrum B i n  Figure 1 w a s  ob ta ined  under t h e  same 

Each neut ron  pu l se  contained 
3 

a t  2.23 MeV from hydrogen i s  due to neutron 

cond i t ions  as Spectrum A with  the except ion o f  timing. 

A corresponds t o  t h e  gamma-ray spectrum t h a t  is  p resen t  during 

Spectrum 

the t i m e  i n t e r v a l  250-450 wsec a f t e r  the neutron pu l se  whi le  

6 
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Spectrum B corresponds t o  the  spectrum t h a t  i s  present  during 

t h e  t i m e  i n t e r v a l  1700-1900 Ksec af ter  t h e  neutron pulse .  Note 

t h a t  t h e  i r o n  and s i l i c o n  capture  gamma rays a r e  gone i n  Spectrum 

B, ( s ince  t h e  thermal neutrons i n  t h e  iron-sand model e x h i b i t  a 

l i f e  t i m e  of about 280 wsec), l eav ing  the oxygen and s i l i c o n  

a c t i v a t i o n  l i n e s .  

rate below 2 MeV i s  due to  the  neutron a c t i v a t i o n  of t h e  d e t e c t o r .  

Spectrum B can be considered the background tha t  i s  p resen t  i n  

I n  both spectra t h e  sharp  i n c r e a s e  i n  count 

Spectrum A. 

(Spectrum A minus Spectrum B) i s  shown i n  F igure  2. 

The background co r rec t ed  cap tu re  gamma-ray spectrum 

I 

I .  
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, . 
IV. FUTURE WORK 

t h a t  

1. 

2. 

3.  

A t  t h e  Sandia Meeting o f  February 7-8 i t  w a s  agreed 

t h r e e  areas needed immediate a t t e n t i o n :  

A moderating material above t h e  neutron source,  whi le  

very b e n e f i c i a l  t o  the capture  gamma-ray experiment, 

is  apparent ly  de t r imenta l  t o  t h e  neutron die-away 

experiment. 

and IITRI would work c l o s e l y  toge the r  and hopefu l ly  

a r r i v e  a t  an agreeable  s o l u t i o n  t o  t h i s  dilemma. This 

s tudy  w i l l  inc lude ,  f o r  example, i n v e s t i g a t i n g  t h e  e f f e c t  

of adding a neutron absorber  t o  t h e  moderating material 

thus  prevent ing thermal neutrons from l eak ing  o u t  o f  t h e  

moderator f o r  extended per iods o f  t i m e  a f t e r  t h e  neutron 

pulse .  

It was agreed t h a t  Socony Mobil O i l  Co. 

An overloading of t h e  de t ec to r  system has been observed 

immediately af ter  a neutron pulse .  

load  cond i t ion  r e q u i r e s  200-300 wsec f o r  recovery.  This 

troublesome e f f e c t  w i l l  be i n v e s t i g a t e d  t o  determine i t s  

o r i g i n  s o  t h a t  i f  poss ib l e  i t  may be minimized. 

Questions were r a i s e d  as t o  t h e  technique and accuracy 

of t h e  neutron measurements i n  regard  t o  t h e  t o t a l  number 

o f  neutrons r equ i r ed  per measurement and t h e  number o f  

A t  p re sen t  t h i s  over- 

neutrons generated pe r  pulse.  Addi t iona l  neutron d a t a  

w i l l  be obta ined  so  t h a t  t h e  r e s u l t s  I I T R I  r epor t ed  a t  

the Sandia Meeting can be v e r i f i e d .  

i n v e s t i g a t i o n  complimented by t h e  s tudy  regard ing  t h e  

The r e s u l t s  of  t h i s  

10 



overloading (above) w i l l  a l low I I T R I  t o  be more s p e c i f i c  

i n  t h e  s p e c i f i c a t i o n s  t h a t  can be given Sandia Corporation 

i n  t h e  procurement of  t h e  neutron genera tor .  

The remainder of  t h e  present  c o n t r a c t  w i l l  be devoted t o  t h e  

i n v e s t i g a t i o n  of t h e s e  a reas .  
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